The sequence and exon-intron structure of the human class mu GSTM3 glutathione transferase gene and its orientation with respect to the remainder of the human class mu GSTM gene cluster were determined. The GSTM3 gene is 2847 bp long and is thus considerably shorter than the other class mu genes in the cluster, which range in size from 5325 to 7212 bp. Outside the protein-coding region, the GSTM3 gene does not share significant sequence similarity with other class mu glutathione transferase genes. Identification of overlapping cosmid clones that span the region between GSTM5, the next nearest glutathione transferase gene, and GSTM3 showed that the two genes are about 20,000 bp apart. PCR primers developed from sequences 3-downstream from the GSTM5 gene were used to identify clones containing the GSTM3 gene. Amplification with these primers showed that the orientation of the GSTM3 gene is 5-GSTM5-3-3-GSTM3-5. Long-range PCR reactions confirmed this orientation both in the GSTM-YAC2 YAC clone, which contains the five class mu glutathione transferase genes on chromosome 1, and in human DNA. This tail-to-tail orientation is consistent with an evolutionary model of class mu glutathione transferase divergence from a pair of tail-to-tail "M1-like" and "M3-like" class mu glutathione transferase genes that was present at the mammalian radiation to the current organization of multiple head-to-tail M1-like genes tail-to-tail with a single M3-like gene with distinct structural properties and expression patterns.
The glutathione transferases (GST, EC 2.5. 1.18) 3 are a large family of phase II detoxication enzymes that catalyze conjugation reactions between glutathione and a wide variety of electrophilic compounds, including chemical carcinogens produced by the cytochrome P450 mixed-function oxygenases (1, 2) . Mammalian soluble glutathione transferases have been assigned in a species-independent manner to alpha, mu, pi, and theta classes (3); in addition, two novel classes have recently been identified (4) . Five human class mu genes-GSTM1, GSTM2, GSTM3, GSTM4, and GSTM5-were mapped to band 1p13.3 on chromosome 1 by in situ hybridization (5) and FISH with GSTM-YAC2, a YAC clone that contains these five class mu genes (6) . More recently, a physical map for four of the five class mu genes-GSTM1, GSTM2, GSTM4, and GSTM5-showed that they are arrayed in a head-totail orientation in the order 5Ј-M4 -M2-M1-M5-3Ј (7) . Taken together with earlier analysis of the GSTM-YAC2 YAC clone (6, 8) , the GSTM3 gene is predicted to be downstream from the 3Ј-end of the GSTM5 gene, but its exact location and orientation are not known.
The human class mu glutathione transferase gene cluster is of particular interest because about 50% of the population is homozygous deleted for GSTM1. The GSTM1 deletion has been associated with increased risk of lung, bladder, and skin cancer (9) , but in some cases the association is weak (10) . The GSTM1 deletion is the result of a homologous unequal crossing-over between two 2.3-kb repeated regions in the intergenic regions that flank the GSTM1 gene (7) . Sequences downstream of the deletion are undisturbed from about 10 kb upstream of the 5Ј-end of the GSTM5 gene; thus, the GSTM3 gene, which is even further downstream, should not be directly affected by the deletion. It was therefore unexpected that GSTM3 protein levels were reported to be reduced in lungs of individuals that are GSTM1-null (11) , although the effect was not seen in brain (12) . However, studies of GSTs from multiple human tissue specimens showed no correlation between GSTM3 expression and the GSTM1-null genotype (13) .
The protein encoded by the GSTM3 gene is unusual. It is clearly a member of the mu class (it shares about 70% amino acid sequence identity with other class mu proteins and less than 35% sequence identity with the alpha, pi, or theta classes), but it is the most distantly related member of that family in mammals. hGSTM1, hGSTM2, hGSTM4, and hGSTM5 share more than 84% amino acid sequence identity with one another and more than 80% sequence identity with most rodent and rabbit class mu enzymes. In contrast, hGSTM3 shares only about 70% identity with most class mu protein sequences. "M3-like" sequences have been identified in rodents (GTM5_MOUSE,   4 89% identical to GTM3_HUMAN, Ref. 14; and rGSTM5, Ref. 15) . The proteins in the M3-like subclass exhibit atypical catalytic and structural properties (15) . Moreover, these types of glutathione transferases are selectively expressed in both rodent and human germ cells (J. D. Rowe et al., unpublished) suggesting that they may be a functionally distinct subfamily of class mu glutathione transferases. Thus, in mammals, there appears to be a broad division of class mu glutathione transferases which may be categorized as "M1-like" (human, hGSTM1, hGSTM2, hGSTM4, and hGSTM5; mouse, GTM1_MOUSE, GTM2_MOUSE, and GTM3_MOUSE) and M3-like (human, hGSTM3; mouse, GTM5_MOUSE; and rat, rGSTM5). Comparison of the hGSTM1 and hGSTM3 protein sequences with those in other vertebrates suggests that this division occurred after the mammalian line diverged from birds; the chicken class mu glutathione transferase (GTM2_CHICK) is approximately equally distant from the M1-like (ranging from 64 to 67% identity) and the M3-like (64 to 66% identity) sequences. An evolutionary tree summarizing these relationships is shown in Fig. 1 .
GSTM3 contains a polymorphic three-base deletion in intron 6 that has been associated with the GSTM1a allele (16) . This deletion removes a potential binding site for the YY1 transcription factor and it has been suggested that it may modify the risks associated with the GSTM1-0 deletion and a cytochrome P450 CYP1A1 m1/m1 polymorphism in cases of multiple basal cell carcinomas (17) . Thus, it is important to determine the physical linkage between GSTM3 and the other class mu glutathione transferase genes on chromosome 1p13.3. In this report, we show that the GSTM3 gene is considerably shorter than the other M1-like class mu genes, and that it is transcribed in the reverse orientation to GSTM1, GSTM2, GSTM4, and GSTM5. Nucleic acids methods. Southern blotting was done as described (18) with slight modifications. Restriction enzyme digestions were performed as suggested by the manufacturers. Digested DNA was phenol extracted, ethanol precipitated, and electrophoresed in on a 0.8% agarose gel and transferred to nylon membranes as described (19) . The hybridization DNA probes were prepared by random-priming labeling (20) ; hybridizations were performed according to Church and Gilbert (21) at 65°C for 24 h followed by washing at 65°C.
MATERIALS AND METHODS

Reagents
Human genomic library screening. Procedures were performed as described (18) . A human leukocyte lambda FIX II genomic library was propagated on Escherichia coli strain LE392 (Stratagene), and infected bacterial cells were plated in 0.7% soft agarose at a density of about 3-5 ϫ 10 4 plaques per 15-cm petri dish. Plaques were lifted onto nitrocellulose filters and initially screened with [␣-32 P]dCTPradiolabeled HTGT-6, a GSTM3-cDNA probe (22) . Eight positive plaques were isolated from approximately 10 6 phage plaques (20 dishes) and were purified by two additional rounds of screening. Two [␣-
32 P]dCTP-radiolabeled oligonucleotides were used as hybridization probes to test for the presence of exons 1-8 of the entire GSTM3 gene sequence as follows: oligo I, 5Ј-CGTCTATGGTTCTCGGGTACTGG-3Ј (from GSTM3 exon 1), and oligo II, 5Ј-AACCGGAGTTCGGAAACCGTC-CTGTGTA-3Ј (exon 8). Two phage clones positively cross-hybridized with oligo I and did not hybridize with oligo II; and one clone cross-hybridized with oligo II, but did not hybridize with oligo I.
Phage DNA sequencing. DNA was purified from phage plate lysates as described (18) and purified using a QIAGEN Lambda DNA purification kit. After restriction mapping, inserts from two recombinant phage that contained overlapping parts of the GSTM3 gene were sequenced. DNA sequences were determined for both strands of the inserts with oligonucleotide primers generated on the basis of the GSTM3 cDNA sequence. An ABI377 Applied Biosystems automated 4 Protein sequence names are taken from SwissProt. sequencer (Perkin-Elmer) was used. After partial sequencing and restriction mapping, restriction fragments containing portions of the GSTM3 cDNA sequence were subcloned into pUC18 and sequenced using common pUC oligonucleotide primers and primers generated from determined gene sequences. Oligonucleotides used for this procedure were provided by Perkin-Elmer.
Identification and characterization of GSTM-YAC2 cosmids.
A cosmid library from GSTM-YAC2 (7) was screened as described (7, 18) using probes from exon 8 of GSTM5 and cosmid end sequences or from exons 5-8 (primers P9 and P10, Table I ) of GSTM3. Restriction mapping by partial digestion and indirect end-mapping with T3 and T7 oligonucleotides was performed as described (7) . Sequencing from
FIG. 1.
Evolutionary relationships between vertebrate class mu glutathione transferases. Protein sequence data were taken from SwissProt (release 34), and SwissProt names are used, with the exception of GTMX_MOUSE, which was assembled from EST sequences, and GTM5B_MOUSE, which was described in Ref. 36 . The GTM5_RAT sequence was obtained from Ref. 15 . Protein sequences were multiply aligned with ClustalW (24) , and the aligned amino acids were used to direct an alignment of the encoding mRNA sequences. The tree shown was constructed using the PHYLIP dnaml program (25) . The same tree topology is found using aligned cDNA sequences and the dnapars program and protein distances with the fitch program. Nodes were combined if they appeared in Ͻ80% of trees found in 50 different orderings of the dnaml program. Proposed structures for the ancestral tail-to-tail "M1-like:M3-like" gene pair and the current organization are also shown. GSTM3 GENE STRUCTURE the ends of the cosmid clone inserts was performed at University of Virginia Sequencing Center. PCR and PCR cloning. PCR reactions were performed in a Perkin-Elmer Cetus DNA Thermal Cycler 480. In addition to the template DNA, the reaction contained 100 l of 50 mM KCl, 10 mM Tris-HCl (pH 9.0), 0.1% Triton X-100, 1.5 M MgCl 2 , 200 M of dNTP, 1 M of each primer, and 2.5 units of Taq polymerase. All PCR reactions used a "hot start" procedure with Ampliwax from Perkin-Elmer. Samples were amplified for 35 cycles with denaturation for 1 min at 94°C, reannealing for 2 min at 55°C, and chain elongation for 3 min at 72°C. Long-range PCR was done following the instructions for the GeneAmp XL PCR kit, with one cycle of 1 min at 94°C, 16 cycles including 30 s at 94°C and 13 min at 64°C per cycle, and then 12 cycles, each of which has 30 s at 94°C and 13 min at 64°C with an increment of 15 s per cycle. For all PCR reactions, the final cycle was followed by incubation at 72°C for 10 min. PCR primers used are shown in Table I .
Sequence analysis. General sequence analysis employed the GCG suite of programs (version 9.0; Genetics Computer Group, Madison, WI). Protein sequences were extracted from SwissProt, release 34, and updates (23) . Multiple sequence alignments were performed using the ClustalW program (24) . Phylogenetic analyses were performed using programs from the PHYLIP package (25) . Sequence similarity searches were performed using FASTA (26) . Searches for repeated sequence elements were performed at the repeatmasker Worldwide Web site (27) . Transcription factor binding sites were identified using the TESS server http://agave.humgen.upenn. edu/tess/index.html (28).
Phylogenetic analysis was performed using the PHYLIP v. 3.52 package (25) . Class mu protein sequences were aligned using the ClustalW (24) program; the aligned class mu sequences contained no internal gaps. Evolutionary trees were constructed from protein distances calculated with the protdist program or using DNA parsimony (dnapars) or maximum likelihood (dnaml).
RESULTS
Identification and Characterization of the Human GSTM3 Gene
The complete sequence of GSTM3 was determined from two overlapping genomic lambda clones. (The sequence has been deposited in the GenBank database under Accession No. AF043105.) These clones were also used to physically map approximately 30 kb of chromosomal DNA surrounding GSTM3 (Fig. 2) . The two phage clones overlap in a 2.1-kb region that contains exons 3-7 of GSTM3. The overlapping nucleotide sequences were determined for both genomic DNA clones; no differences were found between them. No other M3 homologous sequences were detected by Southern blot hybridization in the 25-kb chromosomal DNA fragment that is located around the M3 gene. The exon-intron junctions of the GSTM3 gene were determined by alignment of the GSTM3 genomic DNA sequence with the previously published GSTM3 cDNA sequences (22, Table II ). Like the other class mu glutathione transferase genes, GSTM3 has eight exons and seven introns. All the internal exons (2-7) are the same length as those of the other human class mu glutathione transferase genes. Exons 1 and 8 are slightly longer, as expected from the extended N-and C-termini (four and three additional amino acid residues, respectively) of the hGSTM3 subunit. There are two striking differences in intron length between GSTM3 and the other class mu glutathione transferase genes (GSTM1, GSTM2, GSTM4, and GSTM5) on chromosome 1. In the other human class mu genes, intron 3 is either 302 or 312 bp; in GSTM3 it is much longer (1062 bp, Table II ). All of the additional sequence in intron 3 of GSTM3 can be accounted for by the presence of three repeated sequence elements, two MER1-type elements (183 and 299 bp) and an AluJb element (301 bp, Ref. 29) (27) . More striking are the length differences in intron 7; the other class mu genes have very long intron 7s [ranging in length from 2055 bp (GSTM4) to 3164 bp (GSTM2)] that are relatively repeat-free; intron 7 in GSTM3 is only 285 bp long.
While the GSTM1, GSTM2, GSTM4, and GSTM5 glutathione transferase genes share extensive DNA sequence identity both in protein coding and noncoding regions (30, manuscript in preparation), the GSTM3 gene shares statistically significant sequence similarity with the other human class mu genes only in the protein coding sequence [ranging from 68% (GSTM2) to 72% (GSTM4) protein sequence identity; 71% (GSTM2) to 77% (GSTM5) cDNA sequence identity]. No statistically significant similarities were observed in comparisons of noncoding M3 cDNA sequence (exon 8) with other class mu cDNAs.
The GSTM3 genomic sequence contains a typical complement of human repeated sequence elements, which are indicated in Fig. 2 . The repeatmasker program (27) identified two MER1-type elements and an AluJb (intron 3), portions of two L2 LINEs, an L1 LINE, and an AluSc SINE ( Fig. 2A) .
DNA sequences in the 5Ј-flanking region of GSTM3 share no significant similarity with any of the other class mu genes on chromosome 1. The promoter region of M3 (Fig. 2B) is the only human mu class glutathione transferase gene that contains a TATA box (at the distance about Ϫ41 bp from the transcription start). The GSTM3 promoter also contains GC boxes (SP1 elements); these elements may be responsible for the   FIG. 3 . Physical map of the human class mu gene cluster. Cosmids and primers used for linking GSTM5 and GSTM3 are shown. Restriction fragment sites and gene locations and orientations for GSTM1, GSTM2, GSTM4, and GSTM5 are taken from Ref. 7 ; restriction site locations to the right of GSTM5 were determined in this report. Locations and orientations of the cGTM5-2, cGTM5-4, cGTM5-5, cGTM3-1b, cGTM3-2, and cGTM3-3 cosmid inserts are shown, and PCR primers used to determine the orientation of GSTM3 with respect to GSTM5 are also shown. PCR primer numbers are shown in Table I . low, but detectable level of GST expression in most human tissues (13) .
Physical Linkage of GSTM3 and GSTM5
Because of reports linking the polymorphic GSTM1 deletion with differences in GSTM3 expression (11, 12) , we sought to determine the distance between the GSTM3 gene and the GSTM5 gene, which is the nearest class mu glutathione transferase gene in the cluster on chromosome 1 (6, 7). To identify clones that spanned the region between GSTM5 and GSTM3, a cosmid library constructed from GSTM-YAC2, a YAC clone from chromosome 1 that contains all five class mu glutathione transferase genes on chromosome 1 (6, 7), was screened. Cosmid clones containing exon 8 of GSTM5 were first identified using a probe from PCR primers P3 and P4 (Table I, Fig. 3 ). PCR primers P1 and P2 were constructed from the end sequence of one of the GSTM5 exon 8-containing cosmid clones, cGTM5-2; P1 and P2 were then used to amplify probe cM5-2T3, which was used to rescan the GSTM-YAC2 cosmid library. One of the clones identified in this screen, cGTM3-3, also contains sequences from the GSTM3 gene (it hybridized with a probe from primers P9 and P10). Cosmids cGTM3-1b and cGTM3-2, which contain GSTM3 (Fig. 3) , were isolated using a GSTM3 probe (exons 5-8). Restriction maps of cosmids from this region were determined by partial restriction digestion and indirect end-labeling (Fig. 3 , partial restriction mapping data are not shown).
GSTM3 Is Oriented Opposite to M1, M2, M4, and M5
One end of the cGTM3-1b clone contains sequences from exon 8 of GSTM3, and one end of cGTM3-2 lies within 2 kb of GSTM3 exon 8. Since these cosmids have ϳ45-kb inserts, it was surprising that these cosmids failed to cross-hybridize with a probe from the GSTM5 3Ј-flanking sequences in cGTM5-2 (cM5-2T3, Fig. 3 ). While this result might imply that GSTM3 is far downstream from GSTM5, isolation of the cGTM3-3 cosmid, which contains sequences both from cGTM5-2 and GSTM3, suggested otherwise. We then tested the hypothesis that cGTM3-1b and cGTM3-2 might not contain cGTM5-2 sequences because the GSTM3 gene was oriented with its 3Ј-end (exon 8) nearest GSTM5 (Fig.  3) .
We confirmed that the physical map was correct and that the cGTM5 and cGTM3 cosmids were not rear- 
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ranged by hybridizing EcoRI and HindIII restriction digests of GSTM-YAC2 and selected cosmids with a PCR product amplified from P1 and P2 (probe cM5-2T3, Fig. 4 ). As expected (Fig. 3) , the cM5-2T3 probe hybridizes with cGTM5 cosmids and cGTM3-3; cM5-2T3 does not hybridize with cGTM3-1b and cGTM3-2, which contain complete GSTM3 genes but very little 3Ј-flanking sequence. (The 8.0-kb EcoRI band in cGTM3-3 is truncated to 3 kb by the cloning vector; the 8.0-kb EcoRI band in cGTM5-2 is slightly truncated by the vector. Likewise, the 5.5-kb band in the cGTM5-2 HindIII lane of Fig. 4A is 4 .5 kb larger than the corresponding genomic band because of the cloning vector.) Figure 4B shows that a M3 cDNA probe hybridizes only with the cGTM3 cosmids and that the 6.3-kb EcoRI fragment in cGTM3-3 is actually a doublet, which is separated in cGTM3-2 because of a truncation.
The relative orientations of GSTM5 and GSTM3 were confirmed by performing PCR reactions between primers in GSTM3 and in the 3Ј-flanking region of cGTM5-2, cGTM5-4, and cGTM5-5. Table III summarizes the results of PCR reactions performed with various primer pairs on the cGTM5 and cGTM3 cosmids. These data, together with the physical map of the region (Fig. 3) , show that the 3Ј-end of the GSTM5 gene is about 20 kb upstream from the 3Ј-end of the GSTM3 gene. We were unable to span this distance using long-range PCR in a single reaction, but shorter reactions from the 3Ј-end of GSTM5 (primer P3, exon 8, forward) to the end of the cGTM5-4 insert (P7) and from the end of cGTM5-4 (P8) to the 3Ј-end of GSTM3 (P11, exon 8, forward with respect to GSTM3) produced the expected bands (Fig. 5) . The data in Fig. 3 predict that the GSTM5 (P3)-cGTM5-4 (P7) reaction will produce an 11.3-kb band, which EcoRI will digest into 7.9-, 1.9-, 1.0-, and 0.4-kb bands (the 0.4-kb band is too light to be seen in Fig. 5 ) and HindIII will cut into 8.0-, 1.1-(2), 0.8-, and 0.2-kb fragments, while the cGTM5-4 (P8)-GSTM3 (P11) reaction produces an 8.7-kb band which does not contain a HindIII site and is cut into 5.0-and 3.7-kb fragments by EcoRI. These predicted fragments were obtained (Fig. 5) , confirming the tail to tail organization of the GSTM5 and GSTM3 genes, not only in our cosmid clones but also in GSTM-YAC2 and in human genomic DNA.
DISCUSSION
We have cloned and sequenced the GSTM3 gene, and, using overlapping cosmid clones, shown that GSTM3 is oriented tail-to-tail with respect to the ad- 
Results of PCR amplifications using the indicated primers (Table I) on DNA samples in each column. M5-2, M5-4, etc. refer to the cosmid clones cGTM5-2, cGTM5-4, etc. YAC2 refers to GSTM-YAC2 DNA. Human DNA was from a GSTM1-null individual. ϩ, A band of the indicated size was observed. Ϫ, A PCR reaction was performed and no band was seen. Blank entries indicate that the primers were not used on the DNA sample.
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GSTM3 GENE STRUCTURE jacent GSTM5 gene. This orientation has been confirmed by overlapping long-range PCR on both GSTM-YAC2 and human genomic DNA.
It has been recognized for some time that the GSTM3 gene is more distantly related to other human and rodent class mu glutathione transferase genes (Fig. 1, Refs. 8 and 22) , and it has been suggested that the rodent and human M1-like genes diverged after the mammalian radiation (8) . Both the size of the GSTM3 gene and its location and orientation with respect to the M1-like genes on chromosome 1 ( Figs. 2 and 3 ; Table II ) are consistent with this perspective. The schematic gene diagrams in Fig. 1 suggest the transition from the pair of tail-to-tail M1-like and M3-like genes to the current gene structure. Because of the limited amount of sequence data from nonmammalian vertebrates (only one class mu sequence, which encodes GTM2_CHICK, is available in the vertebrate portion of Genbank) it is currently impossible to determine when the M1-like, M3-like duplication occurred that produced the two genes in a tail-to-tail orientation. The presence of both types of genes in rodents and humans suggests that this early class mu duplication occurred either before or early in the mammalian radiation. Over the past 80 million years since then, multiple paralogous M1-like genes appeared in a head-to-head orientation, as shown in Fig. 1 . In contrast, there is no evidence for any subsequent GSTM3 gene duplications. DNA parsimony analysis suggests that the GSTM3 gene may be older than the M1-like genes. However, protein parsimony, protein distance, and the presence of an additional four residues at the N-terminus of the M3 genes, place the M1-like and M3 genes equally distant from the chicken class mu gene.
In humans, the evidence is quite strong that there is only one M3-like gene; all of the bands seen in Southern blots of human DNA with a GSTM3 cDNA probe can be assigned to the GSTM3 gene on chromosome 1 shown in Fig. 2 (hybridization data not shown). In addition, there is no evidence for additional M3-like proteins in rodents or other mammals (15) . While we do not know why the primordial GSTM1 gene duplicated and GSTM3 did not, we note that once the GSTM1 duplicated the first time, the pair of head-totail genes would greatly increase the likelihood of additional duplication through unequal crossing-over events. That both humans and rodents have several M1-type genes and a single GSTM3 suggests an initial GSTM1 duplication before the divergence of the rodent and primate lines.
While there is considerable evidence for gene conversion and other interactions among the tandemly arranged head-to-tail M1-like genes on chromosome 1, the tail-to-tail orientation of GSTM3 with respect to the M1-like genes makes it unlikely that significant interactions have occurred between GSTM3 and the M1-like genes. Likewise, the putative promoter of the GSTM3 gene is located almost 40,000 bp from the 3Ј-boundary of the GSTM1-0 deletion, reducing the likelihood that the GSTM1-0 deletion has any direct effect on transcription from GSTM3. Moreover because of very high identity shared between the 3Ј-downstream sequences of GSTM2 and GSTM1 (7), the GSTM1-0 deletion produces a GSTM2-GSTM5 intergenic region that is almost identical to the GSTM1-GSTM5 region in individuals carrying a non-null GSTM1 allele. Thus, correlations between the GSTM1 deletion and GSTM3 expression are expected to be weak.
The human class-mu glutathione transferase gene cluster appears to have a dynamic and complex history. One member of the cluster, GSTM1, is deleted at about 70% of human loci (31); this deletion has been shown to result from a homologous unequal crossing-over event (7) for which the reciprocal gene duplication has re-FIG. 5. Long-range PCR of sequences between GSTM5 and GSTM3. Long-range PCR (see Materials and Methods) was used to demonstrate the orientation of the GSTM5 and GSTM3 genes in GSTM-YAC2 and human DNA samples using sequences from the end of cGTM5-4 as an intermediate. PCR was performed using the m5-699 (P3)/m5-4t7a (P7) primer pair (lanes a-f) or the m3-1200 (P11)/m5-4t7b (P8) primer pair (lanes g-l) . The sizes of the undigested product (un) and EcoRI-digested (RI) and HindIII-digested (HIII) products are shown.
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cently been found (32) . Rodent gene-mapping experiments suggest a similar class mu cluster on the syntenic regions of rat chromosome 2 and mouse chromosome 3 (33, 34); we predict that this cluster will contain both M1-like and M3-like genes in a tail-to-tail configuration. While rodent class mu genes are dramatically induced by anticarcinogenic antioxidants (2), similar induction has not been observed in humans (35) . Comparison of the human and rodent glutathione transferase class mu gene clusters may provide new insights into the regulation of class mu glutathione transferase genes.
